
12/5/2003

Hydrogen Safety Basics for 
Current and Planned 

Applications:

Presented by the NHA 
to the U.S. DOE 

DER Road Shows

Steve Hester
Karen Hall

The National Hydrogen Association



12/5/2003

Hydrogen

• What is it?
• Where is it derived from?
• Why are we talking about it today?
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• Uses, Today and Future
– Today: chemical processing, petroleum industry, fats and 

oils, metals, electronics, space flight, utilities, glass 
manufacturing, and others

– Future: stationary power, portable power, and transportation. 
• Production

– Today, mainly through reformation of fossil fuels
– Future, from renewables as well as fossil fuels with carbon 

sequestration
• Properties

– Hydrogen is the lightest, most basic, abundant element
– Properties are unique - must be treated appropriately

Hydrogen Basics
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Hydrogen and Power
• IC Engines
• Gas Turbines
• Fuel Cells

• Hydrogen can and will be used as a general fuel 
for a variety of applications, just like gasoline or 
diesel or natural gas. 
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Applications
• Portable Power

– Fuel cells with Hydride 
storage replacing 
batteries

• Stationary Power
– Uninterruptible power 

supply
– Remote communities
– Clean customer power

• Transportation
– Buses
– Fleet vehicles
– Cars
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Hydrogen Fundamentals
• Energy Content: 60,958 Btu/lb – highest energy 

content of all fuels on a weight basis
– This is why NASA uses hydrogen – they care a lot more 

about weight than volume
– Energy content is about three times higher than 

gasoline, natural gas, and propane on a weight basis
– Energy content is only about one third that of natural 

gas and about an eighth that of propane on a volume 
basis

• Flammability limits (in air): 4.1 v% - 74 v%
• Explosion limits (in air): 18.3 v% - 59 v%

• 1 kg of H2 is equivalent to 1 gallon of gasoline
• 380 ft.3 of Hydrogen equals 1 gallon of gasoline
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Markets and Growth
• Energy security
• Global markets for vehicles, aircraft, and 

electricity are estimated to grow by a factor of 
10 over the next century

• 40% of the human race has no access to 
electricity 

• Disruptions in electricity supply are growing
• Environmental concerns driving new 

technologies
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Trends

• Energy Security
• Climate Change
• Public interest in 

renewable energy
• Distributed generation
• Zero or ultra-low 

emission vehicles to 
improve air quality
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Outlook
• Competitive business strategies and 

competitive technologies provide robust 
setting

• Hydrogen vision
– Hydrogen enables renewable energy use in 

mainstream of transportation
– Obtain firm and usable power from 

intermittent renewable energy resources
• No environmental impact at point of use

Hydrogen… The Freedom FuelSM
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Hydrogen, Methane, & Gasoline
Property Hydrogen Methane Gasoline Units 
Molecular Weight 2.016 16.043 107 amu 
Normal boiling 
point temperature 

20.268 111.632 310 to 478 K 

Critical pressure 12.759 45.387 24.5 to 27 atm 
Critical 
temperature 

32.976 190.56 540 to 569 K 

Density at critical 
point 

0.0314 0.1604 0.23 g/cm3 

Heat of fusion 58.23 58.47 161 J/g 
Heat of 
vaporization 

445.59 509.88 309 J/g 

Heat of 
combustion (low) 

119.93 50.02 44.5 kJ/g 

Heat of 
combustion (high) 

141.86 55.53 48 kJ/g 

Energy of density 
 

8.49 21.14 31.15 MJ/litre 

     
NTP – 1 atm and 
20°C (293.5K) 
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Hydrogen Production Today

• Industrial systems
– Production
– Transport
– Storage
– Use
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Hydrogen production cost estimates
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Electrolysis
energy (electricity) + 2 H2O -> O2 + 2 H2
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Hydrogen Pathways
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Stuart electrolyzer will produce H2 fuel from wind 
power for city fuel cell electric vehicle (FCEV) buses

May 2003, Palm Springs, CA
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Electrolyzer and Hydrogen Costs
• To produce I kg of gaseous hydrogen by an electrolyzer requires 

about 55 kWh
• If electricity costs are 3 cents/kWh, the electricity costs would equal 

$14.00/mBtu, which is equivalent to gasoline costing $1.60 per 
gallon. 

• With the cost and maintenance of the electrolyzer and related 
hydrogen storage and pumping system factored in, and assuming a 
non-high-volume electrolyzers the installed costs are in the range of 
$800/kW, an additional $8.00/mBtu brings the total cost of the 
gaseous hydrogen to about $22.00/mBtu, equivalent to gasoline 
costing $2.60 per gallon. 

• If the hydrogen is liquefied, an additional $4.00/mBtus would be 
added, which makes the cost of liquid hydrogen about $28.00/mBtu, 
which is equivalent to gasoline costing $3.00 per gallon of gasoline. 

• Additional savings can occur as a hydrogen internal combustion 
engine is about 25% more fuel efficient, and does not generate 
organic acids and carbon deposits, which contaminate the engine oil 
and reduce engine component life.

(Harry Braun, Hydrogen News)
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Hydrogen Storage

Hydride Storage

Texaco Texaco OvonicOvonic Hydrogen Systems, L.L.C.Hydrogen Systems, L.L.C.
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Increase Volumetric Density
• Compress the Gas (medium/high pressure)

– Increases Energy Requirement
– Safety

• Cool the Gas (liquid hydrogen)
– Increases Energy Requirement
– Safety

• Hydride storage with another material
– More complicated storage systems
– Finding suitable materials
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Storage Challenge
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Hydrogen Uses - Tomorrow

• Portable Applications
– Laptop, cell phone, military uses

• Stationary Applications
– Uninterruptible power supplies
– Backup/premium power
– Combined Heat and Power (CHP)

• Mobile Applications
– Modified Internal Combustion Engines (ICE)
– Fuel cell vehicles (buses, trucks, autos)
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What are 
Codes and Standards?

• Documents that establish a basis for 
“technical communication”

• Provisions for assessing technology 
safety and performance

• The basis for “Building Construction 
Regulations” or other rules addressing 
public health and life-safety



12/5/2003

Issues
• Codes & standards are being developed in 

advance of, or in parallel with, hydrogen-fueled 
systems
– Codes & standards development must be 

coordinated with technology development
– Efforts should be devoted to R&D efforts to 

validate proposed standards (i.e., need data to 
support or validate proposed requirements)

• Coordination is vital
– All applications involve production, 

transportation, storage, dispensing, and use of 
hydrogen

– A large number of organizations are involved 
in generating codes & standards
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Codes, Standards, Regulations, 
and Recommended Practices

• Rule-making bodies in the US
– About 20 major developers (excluding federal 

agencies such as EPA and DOT)
– Nearly all is done using a consensus process

• Technical requirements called out in U.S. Model 
Building Codes

• Must be adopted by each jurisdiction to be 
“legal” and binding
– Approximately 44,000 jurisdictions in the US
– Federal, state, county, city or town
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Key Codes & Standards

Component 
Technology 

Codes Status 

Production NFPA 70/ NEC/CEC 
ASME Boiler-Pressure Vessel Sec. VIII  

mature 
mature 

Transportation:   DOT 
49 CFR 

mature 
mature 

Pipeline NEC/CEC  
ANSI/ASME B31.1, B31.8  

mature 
mature 

Storage NFPA 50 A: Gaseous Hydrogen  
NFPA 50 B: Liquid Hydrogen 
ASME Boiler-Pressure Vessel Sec. VIII 

mature (1994) 
mature (1994) 
mature 

Vehicle Refueling Stations HV-3: Hydrogen Vehicle Fuel 
NFPA 52: CNG Vehicle Fuel  
HV-1: Hydrogen Vehicle Connector 
NGV1: NGV connectors 

being developed  
base for HV-3  
being developed 
base for HV-1 

Hydrogen Vehicles HV-3: Hydrogen Vehicle Fuel 
NFPA 52: CNG Vehicle Fuel 
HV-2: Gaseous Hydrogen Tanks 
NGV2: CNG Storage Tanks 

being developed  
base for HV-3  
being developed 
base for HV-2 
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U.S. Model Codes

• National Fire Protection Assoc. (NFPA)
– NFPA 853 “Standard for the Installation of 

Stationary Fuel Cell Power Plants”
– NFPA 70 (National Electrical Code)

• International Code Council (ICC) Ad Hoc 
Committee on Hydrogen
– International Fire Code, International Mechanical 

Code, International Plumbing Code, International Fuel 
Gas Code, etc.
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Existing Standards

• Hydrogen Codes, Standards, and 
Regulations Matrix
– by application
– includes contact information
– includes status

• NFPA
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The Matrix
• Ongoing project to develop and maintain a list 

of relevant hydrogen codes and standards
• National and International
• Arranged by application
• Includes scope and contact information
• Updated regularly and posted in NHA’s 

Hydrogen Safety Report
– www.hydrogensafety.info
– www.hydrogenus.org
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Resources for Permitting Officials

• The Hydrogen Safety Report
– www.HydrogenSafety.info

• The Sourcebook for Hydrogen 
Applications

• Two New Permitting Guides
• ICC and NFPA Short Courses
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Guidelines for Hydrogen Systems

• The Hydrogen Handbook for 
Building Code and Fire Safety 
Officials

• The Hydrogen Sourcebook
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Inspecting a Hydrogen Installation

• Confinement
• Review Potential for Ignition
• Minimizing Consequences
• Review the Need for Detectors
• Safety Analysis
• Review Site-Specific Factors
• Personal Investigation
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Detection

• Sensors 
– Safe, reliable, cheap sensors 

being developed
– Placement is important

• Odorants
– Diffusion/dispersion matching 

is difficult
– Poison to fuel cell?
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For more information:

Karen Hall
Vice President, Technical Operations

Steve Hester
Technical Advisor

The National Hydrogen Association
Phone: (Karen) +44 (0) 191 478 7735 (UK)

(Steve)   202-223-5547     
Email:      khall@ttcorp.com

Shester@ttcorp.com
www.HydrogenSafety.info

www.HydrogenUS.org


